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1. Description of the Federal Action

In 2016, EPA issued a dicamba time-limited registration to Monsanto (now Bayer?) for use on
dicamba-tolerant soybean and cotton. The expiration on the 2016 registration is November 9,
2018. EPA received a request to amend this registration that included extending the
registration to December 2020, as well as other labeling restrictions, as requested by EPA, to
further minimize the potential for off-site movement of dicamba. In addition to the retention
of the 110-foot downwind spray drift buffer currently on the Engenia, FeXapan and Xtendimax
labels, which was an important component of earlier no effect determinations, additional label
language and mitigations have been added to reduce the off-field movement of dicamba
residues. These include the following changes from previous labels:

1. Restriction for use by certified applicators only (intended to increase label
compliance).

2. Require dicamba specific training for all applicators (intended to increase label
compliance).

3. Label language revision to improve label consistency and enforceability (intended to
increase label compliance).

4. Revised language limiting dicamba application to an interval between 1 hour after
sunrise and 2 hours before sunset (intended to reduce the potential for applications
proximal to temperature inversion conditions).

5. Establishing the period of application limited to 45 days after soybean planting (or
before R1 stage) and 60 days after cotton planting, with a maximum of 2 post-
emergent applications (intended to reduce the frequency of events that could
potentially result in off-site movement).

6. Tank clean out instructions to include clean out of the entire application equipment
(intended to reduce the potential for cross-contamination).

7. Improve label description of sensitive crop/susceptible crop and sensitive areas
(intended to improve label compliance and reduce the potential for dicamba
application near sensitive non-target plants).

8. Enhance the label with pH advisory language to improve applicator awareness of the
impact of low tank-mix pH on volatility of dicamba (expected to reduce the
contribution of volatile dicamba to overall off-site exposure).

The above general label requirements are reasonably expected to improve pesticide applicator
awareness of the potential for off-site dicamba movement and to further minimize dicamba
movement potential. Additionally, all other previous label restrictions (e.g. nozzle restrictions,
110-ft downwind spray drift buffer, tank mix partner prohibitions etc.) remain in place.

! Fexapan and Engenia were registered after the Xtendimax Registration



The above list of label restrictions does not include any additional proposed mitigation to avoid
effects to listed species. The effects determination in Section 5 of this document, presents
conclusions with and without mitigations in place.

The end-use products related to this decision are EPA Reg Nos. 524-617 (M1768 Herbicide,
Xtendimax with VaporGrip Technology; Bayer CropScience, previously Monsanto Company),
7969-345 (Engenia Herbicide; BASF Corporation), and 352-913 (FeXapan Herbicide; Corteva
Agriscience, previously Dupont).

This memorandum and effects determinations are for the 34 states that are currently
registered for the dicamba over-the-top use pattern, as listed below:

Alabama, Arizona, Arkansas, Colorado, Delaware, Florida, Georgia, lllinois, lowa, Indiana,
Kansas, Kentucky, Louisiana, Maryland, Michigan, Minnesota, Mississippi, Missouri,
Nebraska, New Mexico, New Jersey, New York, North Carolina, North Dakota, Ohio,
Oklahoma, Pennsylvania, South Carolina, South Dakota, Tennessee, Texas, Virginia,
West Virginia and Wisconsin

2. Existing effects determinations

2.1. Previous Screening Level and Refined Ecological Risk Assessment Conclusions

In March 2016, EPA issued a Section 3 screening-level risk assessment for the use of
diglycolamine salt of dicamba (dicamba DGA) on dicamba herbicide-tolerant cotton (USEPA,
2016a; D404823) and an addendum to the 2011 Section 3 screening-level Risk Assessment for
the use of dicamba DGA on dicamba herbicide-tolerant soybeans (USEPA, 2016b; D426789).
Concurrent with these two actions, EPA issued three addenda to the risk assessments (USEPA,
2016c-e; D416416+) that refined the screening-level risk assessments to include species-specific
assessments for threatened and endangered (hereafter referred to as “listed”) species present
within the 34 states included in the Section 3 registrations on dicamba-tolerant crops (Alabama,
Arizona, Arkansas, Colorado, Delaware, Florida, Georgia, Illinois, lowa, Indiana, Kansas,
Kentucky, Louisiana, Maryland, Michigan, Minnesota, Mississippi, Missouri, Nebraska, New
Mexico, New Jersey, New York, North Carolina, North Dakota, Ohio, Oklahoma, Pennsylvania,
South Carolina, South Dakota, Tennessee, Texas, Virginia, West Virginia and Wisconsin).

The screening-level risk assessments concluded that potential direct risk concerns could not be
excluded for:
e mammals (chronic, from the soybean use only, due to residues from dicamba’s
metabolite, DCSA, rather than from parent dicamba);



e birds (acute from parent dicamba for both soybean and cotton uses; chronic from DCSA
residues only in soybean but not in cotton), considered surrogates for reptiles, and
terrestrial-phase amphibians; and

e terrestrial plants (soybean and cotton uses)

In the screening-level risk assessments, indirect effect risk concerns for all taxa were possible
for any species that have dependencies (e.g., food, shelter, and habitat) on mammals, birds,
reptiles, terrestrial-phase amphibians, or terrestrial plants.

Additionally, the screening-level assessment showed that direct risk levels of concern were not
exceeded for:
e mammals (acute) and (chronic—for the cotton use only);

e birds, reptiles, and terrestrial-phase amphibians (chronic from parent dicamba or DCSA
degradate from use on cotton);

e terrestrial insects (acute and chronic);

e freshwater fish (acute and chronic);

e aquatic-phase amphibians (acute and chronic);

e estuarine/marine fish (acute and chronic);

e freshwater invertebrates (acute and chronic); estuarine/marine invertebrates (acute
and chronic); and

e aquatic plants?

In the screening-level cotton risk assessment and soybean addendum as part of the earlier
public comment process, EPA concluded that mitigation measures, including the use of rainfast
mitigation to limit runoff exposure, limiting nozzles to those that restrict droplet spectra to
extra-coarse and ultra-coarse, restricting applications under certain wind conditions (i.e. only
apply when wind speeds are between 3 and 15 mph), and the use of a 110-foot buffer (for a 0.5
Ib a.i./A application) in the direction of wind to account for spray drift and applying that buffer
in every direction to account for potential volatilization (a discussion of the updates to this
assessment is provided below), would limit any exposures beyond the treated field to levels
below thresholds that would trigger any risk concerns for any taxa. These assessments
concluded that by applying the rainfast mitigation and utilizing the spray drift and volatility
buffer as setbacks from the edge of the field (“in-field buffers”), exposures that could
potentially trigger risk concerns would be limited to the treated field. With these labeling
restrictions, EPA determined that the vast majority of listed species would be off-field and
therefore would not be part of the action area and consequently reached a No Effect decision
for those species. Species that were potentially on the treated field or utilizing resources from

2 The listed species LOC was exceeded for non-vascular aquatic plants; however, there are no listed species in this
taxa.



the treated field and for which the screening-level risk assessment indicated concerns for that
taxa underwent further refinement to determine the potential for risk.

Subsequent to the screening level risk assessments and refined endangered species addenda,
EPA issued several additional addenda including the evaluation of field volatility (flux) studies
for DGA formulations (USEPA, 2016f; D435792), bridging data and volatility analysis for dicamba
BAPMA salt (USEPA, 2016g-h; D402518, D436905) and an additional refined endangered
species addendum (USEPA, 2016i; D436602) that covered listed species that were newly listed
between the Section 3 registrations of dicamba DGA salt on dicamba-tolerant soybeans and
cotton and the Section 3 registration of dicamba BAPMA salt. The evaluation of the flux studies
for DGA and the volatility analysis for both DGA and BAPMA concluded that volatility buffer
setbacks were not needed to limit exposures off the field to below the threshold level (set by
the listed species endpoint for the most sensitive plant species tested, soybean), though
uncertainties were noted at that time including whether the submitted flux studies (MRIDs
49888401, 49888403, 49888501 & 49888503) adequately encompassed the extremes of
conditions (i.e. when temperatures are greater than the low 90%) that can increase the rate of
volatility and the statistical uncertainty in the calculation of the risk quotient based upon the
large 30x difference between the submitted vapor phase humidome NOAEC and LOAEC (MRID
49925703).

By limiting the action area to the treated field, the refined endangered species addenda
(USEPA, 2016c-€, i; D416416+) concluded that all but 27 listed species were outside of the
action area. Overall, of the remaining 27 species, one likely to adversely affect (LAA)
determination was made, two not likely to adversely affect (NLAA) determinations were made,
and no effect (NE) determinations were made for the remaining species (Table 1, reprinted
from USEPA, 2016i; D436602).

Table 1. Summary of Previous Effects Determinations for Federally Listed Threatened or
Endangered Species within the Action Area (USEPA, 2016i; D436602)

Species Effects Crops Pertinent to Effects Areas of Concern
determination Determination*

Indiana bat NE Cotton, Soybean NA
Lesser long- NE Cotton, Soybean NA
nosed bat
Mexican long- | NE Cotton, Soybean NA
nosed bat
Northern NE Cotton, Soybean NA
long-eared
bat
Ozark Bat NE Cotton, Soybean NA
Virginia big- NE Cotton, Soybean NA
eared bat
Canada Lynx NE Cotton, Soybean NA
Gray wolf NE Cotton, Soybean NA




Species Effects Crops Pertinent to Effects Areas of Concern
determination Determination*

Mexican wolf | NE Cotton, Soybean NA
Red wolf NE Cotton, Soybean NA
Jaguar NE Cotton, Soybean NA
Gulf-Coast NE Cotton, Soybean NA
jaguarundi
Ocelot NE Cotton, Soybean NA
Sonoran NE Cotton, Soybean NA
pronghorn
antelope
Whooping NE Cotton, Soybean NA
crane
Attwater's NE Cotton, Soybean NA
greater
prairie-
chicken
Eskimo NLAA NA NA
curlew
Gunnison NE Cotton, Soybean NA
Sage Grouse
Mississippi NE Cotton, Soybean NA
Sandhill crane
Audubon’s NLAA Cotton Palm Beach County in
Crested Florida
Caracara NE Soybean NA
California NE Cotton, Soybean NA
condor
Eastern NE Cotton, Soybean NA
Massasauga
rattlesnake
Indigo snake NE Cotton, Soybean NA
Gopher NE Cotton, Soybean NA
tortoise
Houston toad | NE Cotton, Soybean NA
American NE Cotton, Soybean NA
burying
beetle
Spring Creek LAA Cotton, Soybean Wilson County in
bladderpod Tennessee

NA — Not Applicable as a No Effect determination has been reached or consultation has been

concluded
NE-No Effect

NLAA- May Effect, Not Likely to Adversely Affect
LAA- May Effect, Likely to Adversely Affect




Species Effects Crops Pertinent to Effects Areas of Concern
determination Determination*
*Considering soybeans and cotton, which are the focus of the previous assessments and this
addendum.

For the Eskimo curlew, EPA consulted with U.S. Fish and Wildlife Service and they concurred
with the NLAA Effects Determination, and no further action was needed for this species (USEPA,
2016d-e).

The XtendiMax™ With VaporGrip™ Technology (EPA Reg. No. 524-617) product label included

the following language:
“XtendiMax™ With VaporGrip™ Technology is approved by U.S. EPA to be used in the
following states, subject to county restriction as noted: Alabama, Arkansas, Arizona,
Colorado, Delaware, Florida (excluding Palm Beach County), Georgia, lllinois, Indiana,
lowa, Kansas, Kentucky, Louisiana, Maryland, Michigan, Minnesota, Mississippi,
Missouri, Nebraska, New Jersey, New Mexico, New York, North Carolina, North Dakota,
Oklahoma, Ohio, Pennsylvania, South Carolina, South Dakota, Tennessee (excluding
Wilson County), Texas, Virginia, West Virginia, Wisconsin.”

The Engenia™ (7969-345) and FeXapan™ herbicide plus VaporGrip™ Technology (352-913)
product labels contain identical county restrictions.

Based on the county prohibitions described above, these restrictions addressed the other NLAA
and LAA determinations for the Audubon’s caracara and the Spring Creek bladderpod,
respectively. Therefore, these species were no longer inside the action area of the dicamba
uses on cotton and soybean. Consequently, no Effects Determination were needed because
they would have resulted in an ultimate conclusion of No Effect.

2.2. Re-consideration of listed species

The documentation leading to initial effects determinations in 2016, using the best available
information of the time, concluded that, with selected mitigations in place, concern for listed
species effects from uses of Xtendimax DGA salt (Monsanto, Reg No. 524-617) and Engenia
BAPMA salt (BASF, Reg No. 7969-345) on genetically modified (GMO) dicamba-tolerant (DT)
cotton and soybean fields was limited to the confines of the treated fields themselves (i.e. the
action area was the treated fields; USEPA, 2016c-e,i; DP Barcodes 40138, 404806, 404823,
410802, 411382, 416416, 420160, 420159, 420352, 420518, 421434, 421723, 422305, 425049,
426789, 432752, 435892, 436602, 436905).

New information that is now available [FIFRA 6(a)(2) reporting, state agricultural lead agency
and news reports] appears to show that dicamba emissions (through spray drift, volatile drift,
or a combination) from Xtendimax- or Engenia-treated GMO cotton and soybean fields may
have resulted in effects to non-target terrestrial plants offsite from the treated fields. This new
information demonstrates the need to reevaluate the 2016 Endangered Species Act (ESA)



effects determinations involving Federally listed threatened or endangered terrestrial plants for
any new regulatory decision involving the use of Xtendimax or Engenia on GMO cotton and
soybean fields. Specifically, the action areas (the areas where effects are reasonably expected
to occur) may be larger than estimated with earlier datasets, encompassing more geographic
areas, and so increasing the potential for overlap with identified locations of listed terrestrial
plant species.

The purpose of this addendum is to review new information and to review which, if any, species
that were not identified in the previous effects determinations as being within the action area
(the treated field), could now potentially be located within an expanded action area. The
conclusions from the previous listed species effects determinations made in the initial
screening level risk assessments and the refined endangered species addenda (USEPA, 2016c-e,
j; D416416+) are maintained for all taxa except listed non-monocot plants that may exist near
the treated field, where levels of exposure could potentially result in effects and any newly
listed species of terrestrial animals that may be present on the treated field that were not
previously assessed. The action area has been set considering the established most sensitive
tested plant, soybean, a dicot plant. The available terrestrial plant data set indicates that the
dicot plant species are generally more sensitive than monocots, and that the most sensitive
tested dicot, soybean, is substantially more sensitive than the most sensitive tested monocot,
onion (DP Barcode 378444). Comparisons with other potentially sensitive taxa (e.g. aquatic
plants), also indicate that the soybean endpoints (the most sensitive tested species) are highly
protective (USEPA, 2016b, D426789, Appendix D). There are no incident information or other
data available to suggest the potential for direct effects to other taxa except for non-monocot
plants. Given the already protective nature of the existing 110-foot wind directional in-field
buffers for monocots, and the far lower sensitivity of the most sensitive monocots compared to
the most sensitive dicots (most sensitive tested monocot, onion, is four orders of magnitude
less sensitive than the most sensitive dicot, with an ICzs close to the field application rate;
USEPA 2011; DP Barcode 378444), it is reasonable to exclude listed monocot plants and listed
animal species from further effects determination efforts because all the available evidence
suggests exposure off treated fields will be insufficient to trigger monocot or other listed animal
taxa concerns.

3. Establishing Direct Effects Endpoints

3.1 EPA’s use of Apical Endpoints in Risk Assessment

To assess the effects on aquatic and terrestrial organisms exposed to a chemical stressor, the
Agency evaluates the available ecotoxicological literature to determine effects directly relating
to an organism’s fitness in the environment (i.e. apical effects based on effects reducing an
organisms’ survival, reproductive capacity and/or physiological growth; USEPA, 2004). These
effects are based on direct inhibitions of an organism’s ability to survive, reproduce, or grow. In
the case of terrestrial plants, effects determinations center on plant height and weight (growth)
that have meaning in the context of survival and reproductive potential of species in the
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environment. Plant growth endpoints (e.g. height and weight) address the ability of plants to
competitively exclude other plants’ demands on resources, thereby enhancing survival, and
achieving sufficient growth to obtain adequate resources for the increased energetic needs for
reproduction. The previous issued effects determinations for listed species following the use of
dicamba on dicamba tolerant (DT) crops (USEPA, 2016c-¢, j; D416416+) have been based on the
observed most sensitive effects to apical endpoints reported in the available suite of
ecotoxicological data. More specific information on endpoints used in previous risk
assessments is described below in Sections 3.5 (toxicity endpoints used in comparisons with
spray drift exposures) and Section 4.2 (toxicity endpoints used in comparisons with from vapor
drift exposures).

3.2 Consideration of Previous Field Study Data

Many new and previously published field studies of dicamba investigating plant effects are
based on measures of visual damage, height, or crop yield (seed mass produced). Anecdotal
reports of off-site injury (primarily as visual signs of injury) suggest potential movement of
dicamba at levels causing observable plant responses to dicamba exposures (AAPCO, 2017,
2018). These lines of evidence have caused us to reexamine our earlier determinations based
on the previously submitted registrant studies, that dicamba exposures above threshold levels
of concern remain confined to the treated field. Additional newly submitted flux and
humidome data (described below in Sections 4.1 and 4.2) generally support the previous
effects determinations that volatile drift alone would not reach levels that would trigger
concerns for non-target plants, based on previously used modeling methodologies. In coming to
the conclusion that under the 2017 terms of registration there is potential for dicamba
exposures outside the treated field that are sufficient to cause effects to listed plant species,
EPA considered additional lines of evidence that would assist in resolving the conflict between
reported incidents, mass emissions, and the extent of the action area used for effects
determinations (the area where effects are expected to occur). Quantitative incorporation of
additional lines of information (such as new field study data), as discussed below, resulted in a
revised action area for over-the-top use of dicamba DGA and dicamba BAPMA salts on DT
cotton and soybeans. This approach is consistent with previous approaches in which field data
were incorporated in the ecological risk assessments and effects determinations as lines of
evidence to support the 110 foot in-field buffer in the direction of wind to decrease off-field
exposures from spray drift below toxicity thresholds. Similarly, field data were also used in the
previous effects determinations and addenda to the ecological risk assessments as lines of
evidence that edge of field concentrations from volatility were below toxicity thresholds,
supporting the previous conclusion that omnidirectional buffers around the field were not
needed to restrict the action area.

This updated assessment reevaluates whether a new action area is necessary. This new
determination is limited to the taxa and types of exposures suggested by the new information
available in incident reporting from FIFRA 6(a)(2) documents, state reports, and meetings with
stakeholders. These incidents involve direct toxic effects to non-target plants from reported
alleged off-site exposure to dicamba from spray drift, volatile drift, or a combination of both.
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While the available incident data suggests potential effects beyond the treated field can
damage non-target plants, the available information is insufficient to precisely determine the
distance from treatment sites over which effects are observed, given the lack of quantitative
measurements regarding impacts to plant height, yield or survival described in the incident
reports.

3.3 Field Studies in the context of effects to listed plant species

To evaluate the potential for effects to listed plant species, EPA typically uses measurements of
apical endpoints (e.g. plant height) from laboratory studies conducted under conservative
conditions that ensure exposure at measured doses as opposed to field studies that test
phytotoxic effects under more variable environmental conditions. From these studies, EPA uses
the NOAEC (No Observed Adverse Effect Concentration) associated with the most sensitive
species’ ECys value as the effect threshold to determine whether exposures are above the
threshold level and consequently have the potential to cause risk to listed plant species. EPA
also commonly calculates a regression estimate of the 5% effect level (ECos) that is used in lieu
of the NOAEC when a NOAEC cannot be determined from the study.

Many of the field studies of dicamba were not designed to capture a no-effect level (NOEL) for
all measures of plant damage. Consistent with the ECos growth endpoints typically used for
effects determinations for listed species, based on guideline terrestrial plant studies when a
NOEL is not reliably established, the Agency considered a 5% threshold interpolation
(regression estimate when comparing distances or doses and biological effects) when
evaluating the available field studies where effects on plant apical endpoints were measured.

3.4 Consideration of Field Measurement Data to Establish the Action Area

This effects determination considers the new and previously submitted field measurement data
for soybean to establish the limit of the action areas. The available data include newly
submitted field volatility (flux) studies (MRIDs 49899601, 49888603, 50578902, 50606801, and
50642801) and plant humidome data (MRID 50578901), both conducted to assess potential
damage from vapor-phase exposures of dicamba and refine previously issued addenda
assessing dicamba volatility exposure and effects (e.g. USEPA, 2016f; D435792).

To examine whether there was recent literature on potential impacts from volatility and/or
spray drift of dicamba, EPA conducted a search for off-site transport and effects data through
an on-line search of Google Scholar with the search terms: “dicamba” and any one of the
following terms: “off-site transport”, “volatility”, “drift”, and “non-target”. EPA confined
consideration of identified information to the years 2016-2018 since that time period presents
the greatest opportunity to identify studies using the currently labeled Xtendimax and Engenia
products. EPA also conducted a Google Scholar search with the terms “dicamba” combined
with “visual signs of injury” and the term “height” or “yield”. This latter search was used to

inform analysis appearing in Appendix A. In addition, EPA considered additional field effects
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data submitted to the Agency in 2018 from independent researchers and the registrants. These
studies are discussed in Section 4.4. A tabulation of the results from all the available field
studies considered is in Appendix B.

3.5 Focus on Non-Monocot Plant Species

As discussed above, the available terrestrial plant data set indicates that the dicot plant species
are generally more sensitive than monocots, and that the most sensitive dicot, soybean, is
substantially more sensitive than the most sensitive monocot, onion (DP Barcode 378444).
Given the already protective nature of the existing in-field buffers for spray drift (110 feet) for
monocots, and the far lower sensitivity of the most sensitive monocots compared to the most
sensitive dicots (most sensitive monocot, onion, is approximately three orders of magnitude
less sensitive than the most sensitive dicot, soybean; based on equivalent endpoints (e.g.
NOAEC/ICos) used to assess potential risk to listed species of 0.072-0.137 and 0.000261-0.0003
Ib ae/A, respectively for onions and soybean (MRIDs 47815102 and 48718015), it is reasonable
to exclude listed monocot plants from further effects determination efforts because there is no
evidence to suggest exposure off treated fields will be sufficient to trigger monocot concerns.
Moreover, the initial screening level risk assessment on DT-soybeans (USEPA, 2011; D378444)
demonstrates, even without in-field buffers, that off field movement was below the NOEC for
the most sensitive monocot plants a scant 7 feet from the field edge with non-conservative drift
estimates. This distance is within the margin of error for any overlap analysis and is essentially
equivalent to only the treated field itself.

The vast majority of available field studies investigated the effects of dicamba exposure on non-
dicamba tolerant soybeans. Based on a comparison of ECys values across the standard suite of
tested species, soybeans were determined to be the most sensitive species from the available
laboratory toxicity assays (MRID 47815102 and 48718015 for dicamba DGA and BAPMA salt
formulations, respectively). As such, they are utilized as a reliably representative species for
evaluating potential effects to sensitive listed species. Additional field study data on other
plant species were considered, where effects to apical endpoints were measured (e.g. Knezevic
et al. 2018, discussed above).

4. Establishing the Distance from Treated Fields Where Plant Effects are
Reasonably Expected to Occur

The previous effects determinations (USEPA, 2016c-e, j; D416416+) concluded that any
potential effects following the use of registered dicamba products for over-the-top use on
dicamba-tolerant plants would be limited to the treated field following the labeled mitigations
to reduce spray drift (e.g. nozzles, wind speed restrictions) and the 110-foot spray drift buffer in
the direction of wind at the time of application. Although the initial screening risk assessments
(USEPA, 2016a-b) recommended the use of an omnidirectional buffer to preclude the potential
for off-field dicamba exposures from volatility, further refinements based on submitted field
flux data suggested that edge of field concentrations from vapor drift were expected to be
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below any thresholds of concern (USEPA, 2016f; D435792 and USEPA, 2016h; D402518 for DGA
and BAPMA salts, respectively).

As discussed above, complaints of alleged dicamba damage of off-site injury from a variety of
sources including investigative reports from multiple states since 2016 suggest that movement
of dicamba could be occurring at levels causing plant injury (visual signs, damage to fruit, etc.).
Comparative flux emissions from new field studies would suggest, in some cases for both
Engenia and Xtendimax products, that total flux emissions are of sufficient mass to meet or
exceed thresholds of non-target plant effects under conservative exposure assumptions (see
Sections 4.1 & 4.4). These lines of evidence call into question our earlier determinations based
on the previously submitted registrant studies and modeling methodologies, that dicamba
exposures above threshold levels of concern remain confined to the treated field. However,
newly submitted flux and humidome data (described below in Sections 4.1 and 4.2) generally
support the previous effects determinations that demonstrated that any concentrations of
vapor drift were expected to be below thresholds of concern. EPA considered additional lines of
evidence that assisted in resolving the uncertainties that have arisen due to differences in the
multiple lines of evidence in order to determine the appropriate action area for making effects
determinations (the area where effects are expected to occur).

4.1 New Registrant-submitted Field Volatility (Flux) Data

Since the development of the risk assessment in November 2016 that determined
omnidirectional buffers were not needed (USEPA, 2016f; DP Barcode 435792), four additional
field volatility studies (OCSPP Guideline 835.8100) have been submitted to further characterize
potential emissions coming from a dicamba-treated field. A comparison of the new emission
rates (i.e., flux rates) to those used in the November 2016 risk assessment is provided in Figure
1. The GA Clarity, TX Clarity, GA Xtendimax, and TX Xtendimax flux rates (based on MRIDs
49888401, 49888403, 49888501 & 49888503) were used in the November 2016 analyses. The
Engenia flux rates are also provided for comparison purposes.

The remaining flux rates (GA Xtendimax+R [MRID 49888601], TX Xtendimax+R [MRID
49888603], TX MON 76980/MON79789 [MRID 50578902], Australia MON 76980/MON78789
[MRID 50606801], and AZ MON 76980/MON78789 [MRID 50642801]) are based on recently
submitted field volatility studies, new since the 2016 assessment, and are briefly discussed
below. While flux rates derived from the recent trials are higher than the rates derived for the
other studies conducted at an application rate of 0.5 Ib ae/A (the post-emergent over-the-top
application rate), the flux rates are lower than those used in the 2016 assessment (which were
based on 1 |b a.e./A, the highest allowable pre-emergent application rate). The modeled air
concentrations and the atmospheric deposition amounts at the edge of the field for these
recent studies are still below the effects endpoints (17.7 ng/m3 and 2.61x10* Ib ae/A for vapor
and spray droplet exposures, respectively) used in the 2016 assessment (USEPA, 2016f;
D435792) that concluded omnidirectional buffers were not needed. Consequently, the new
information from these field flux studies would not alter the effects determinations made in the
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2016 assessments. The analysis made in 2016 evaluated exposure routes singularly and did not
consider the combined exposure pathways of spray drift and volatility, an attribute reflected in
some of the recently available field studies discussed below.
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Figure 1. Comparison of Registrant Submitted Flux Studies for Dicamba Applications

In May and June 2015, field volatility studies were conducted in Chula, GA (MRID 49888601)
and Kendleton, TX (MRID 49888603), submitted to EPA in 10/2016 as part of a different new
product registration application. These studies are also informative for the currently registered
OTT dicamba products. The test substances used in the field phase of these studies were MON
76832, a Roundup Xtend formulation (Xtendimax with VaporGrip and glyphosate) containing a
mixture of dicamba DGA salt (120 g a.e./L) and glyphosate (242 g a.e./L). The plot dimensions
were approximately 384 feet by 384 feet (3.4 A) in GA and 648 feet by 648 feet (9.6 A) in TX.
The test plot at the GA site was a bare ground site treated at a rate of 1 Ib a.e./A, while the TX
site was a field of cotton, planted with a variety of Bollgard 11® XtendFlexTM Cotton, treated at
arate of 0.5 |b a.e./A.

The cotton was at the 6-8 leaf stage and roughly 11 inches in height, at the time of dicamba
application. The boom height for the spray application was set at 14-18 inches above the
canopy or ground height. The spray application was made to the GA test plot at 9:00 am on
May 5%, while the application to the TX plot was in the afternoon at 2:45 pm on June 8%. In GA
temperatures during the first 24 hours ranged from 59-86°F and 60-91°F on Day 2. Relative
humidity in GA ranged from 10-94% and soil pH was 6.0. In TX, temperatures during the first 24
hours ranged from 70-98°F and 72-97°F on Day 2. Relative humidity in TX ranged from 18-97%
and soil pH was 6.2. The maximum 95 percentile 24-hour average concentrations from air
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modeling from PERFUM runs performed by the study authors were 3.2 and 16.1 ng/m?3 for the
bare and cotton fields, respectively, at the edge of the field. The maximum 90t percentile 24-
hour total deposition values from AERMOD runs performed by the study authors were 1.2x10°
and 4.1x10 |b a.e./A for the bare and cotton fields, respectively, at the edge of the field.

In October 2016, a field volatility study was conducted in Fort Bend, TX (MRID 50578902,
submitted to EPA 07/23/2018). The formulation, MON 76980 (which is not registered in the
United States but is similar to Xtendimax plus VaporGrip), contains dicamba in the form of its
DGA salt (42.8% by weight, 28.9% a.e.). MON 79789, which is glyphosate in the form of its
potassium salt (48.7% by weight, 39.6% a.e.), similar to Roundup Powermax, was added with
MON 76980 to the tank mix. The product was applied at an application rate of 0.5 Ib a.e./A on
October 4, 2016 at noon to two different types of agricultural field test plots:

1. afallow (bare ground), 4.6-acre field and,
2. a9.1-acre field planted with herbicide-tolerant cotton.

The bare ground plot was defined as having stubble less than 7.5 cm (approximately 3 inches) in
height in the area of application and measurement. Spray application to the cotton test plot
was representative of typical post-emergence herbicide applications to cotton (2-leaf stage or
greater at time of application). The boom height for the spray application was set at 50.8 cm
(20 inches) above the cotton crop (24-26 inches above the soil surface, indicating the cotton
crop was 4-6 inches in height). Temperatures during the first 24 hours ranged from 70-94°F and
72-96°F on Day 2. Relative humidity during application was approximately 57-59%. Soil pH was
5.5 on the bare ground field and 6.8 on the cotton field. The maximum 95t percentile 24-hour
average concentrations from air modeling PERFUM runs performed by the study authors were
15.6 and 12.6 ng/m?3 for the bare and cotton fields, respectively, at the edge of the field. The
maximum 90%™ percentile 24-hour total deposition values from AERMOD runs performed by the
study authors were 3.68x10™ and 2.9x10 |b ae/A for the bare and cotton fields, respectively,
at the edge of the field. EPA verified the concentration and deposition estimates derived by the
study authors.

In December 2017, a field volatility study was conducted in Walgett Shire Australia (MRID
50606801, submitted to EPA 07/23/2018). The test substances used in the field phase of this
study were MON 76980 and MON 79789. The formulation MON 76980 contains dicamba DGA
salt (29.0% by weight, 28.9% a.e). The formulation MON 79789 contains glyphosate in the form
of its potassium salt (39.8% by weight). In addition to the test substances, the tank mix
contained Precision Laboratories Intact™ (Lot # PLB-1709-24800-1), a drift control and foliar
retention agent and deposition aid, at a rate of 0.5% v/v. Intact™ contains polyethylene glycol,
choline chloride, and guar gum as principal functioning agents that comprise 43.18% of the
product. The plot dimensions were approximately 1280 feet in length and 1260 feet in width,
for a total treated area of approximately 37 acres. The test plot and surrounding buffer zone
was planted in a glyphosate, but not dicamba, tolerant variety of soybean. Soybean plants were
roughly 6 inches in height. The boom height for the application was set at 24 inches above the
soybean crop. The spray application was made to the test plot at 10:30 am on December 15,
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2017. MON 76980 was applied at a target rate of 22 0z/A (0.5 Ib a.e./A) and MON 79789 was
applied at a target rate of 32 0z/A (1.125 Ib a.i./A). Temperatures during the first 24 hours
ranged from 76-106°F and 77-106°F on Day 2. Relative humidity during application was
approximately 32%. Soil pH was 7.6. The maximum 95" percentile 24-hour average
concentration from air modeling from PERFUM runs performed by the study authors was 4.4
ng/m?3 for the soybean field at the edge of the field. EPA verified the concentration and
deposition estimates derived by the study authors. The maximum 90t percentile 24-hour total
deposition value from AERMOD runs performed by the study authors was 2.68x10 |b a.e./A for
the soybean field at the edge of the field. This study is classified as supplemental because flux
rates for Day 2 could not be calculated due to high wind conditions. Originally the study
included plant effects measurements in an attempt to differentiate plant injury due to spray
drift versus volatility. However, prior to study initiation, the study area and the surrounding
area were damaged by 2,4-D spray drift. Additionally, residual isoxaflutole was measured in the
soil, confounding plant damage measurements. As a result, an assessment of plant damage
surrounding the treated area was not included in the study.

In May 2018, a field volatility study was conducted in Maricopa, AZ (MRID 50642801, submitted
to EPA 08/23/2018). Approximately 27 acres (1050 ft in length and 1120 ft wide), in the center
of a 33-acre agricultural field planted with non-tolerant soybean, was treated with Xtendimax
with VaporGrip, RoundUp PowerMax, and Intact on May 8, 2018 at 4:15 pm. The test plot and
surrounding buffer zone were planted in non-tolerant soybean on April 3, 2018. Test substance
applications were made using a John Deere 4630 ground sprayer equipped with an 80 ft boom
and Turbo Teelet® Induction (TTI) 11004 nozzles. A spray drift test system consisted of three
downwind transects (east side of field) spaced approximately 15 m apart perpendicular to the
spray area near the middle of the spray swaths. Deposition collectors (Whatman #1 15 cm
diameter filter papers) were placed on all three transects at 5, 10, 15, 20, 25, and 30 m away
from the field. Deposition collectors were mounted on metal posts elevated to the soybean
crop height (15 cm). Three upwind (west side of field) collectors were located along the
depositional transects 30 m from the upwind edge of the spray area, and three were located 40
m from the upwind edge of the spray area. A volatilization test system, including both in-field
and off-field (perimeter) sampling locations as well as flux meteorological stations for the test
plot, was also implemented. Lastly, a plant effects test system, including a uniform stand
planted with soybeans tolerant to glyphosate, but not dicamba (non-dicamba tolerant
soybeans), was implemented upwind and downwind of the treated areas. Plant effect transects
were planted perpendicular to the eastern (downwind) and western (upwind) edge of the
applied area to a maximum distance of 30 m (3 downwind pairs and 2 upwind pairs) to evaluate
volatility and spray drift exposure. Plant effects from volatility were evaluated by covering
approximately 30 m by 3 m of non-tolerant soybean crop along the volatility transects during
the application period to prevent exposure via spray drift. The covers were removed
approximately 30 minutes after application. Plants were measured before application (five sets
of ten plants) from downwind, upwind and within the designated treated area to better
characterize the inherent variability across the field. Control (untreated/no visual dicamba
injury observed) plant height measurements (ten sets of ten plants) were collected non-
systematically from areas further upwind of the upwind transects on the same day as plant
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height assessments. At each study transect, plant heights were measured 15 and 28 days after
treatment (DAT; post-application) on ten plants at each distance along each transect distance
(5, 10, 15, 20, 25 and 30 m).

The wind directions at the time of application were variable within and outside of the target,
with an orientation of 267°. Wind directions and wind speeds during the daytime (8:00 am to 8
pm) and nighttime during conduct of the study are provided in Figures 2 and 3. Temperatures
for three days after application ranged from 18.5 to 40.4°C (65 to 105°F) and relative humidity
ranged from 8.3 to 38.9%. Flux rates were estimated using the integrated horizontal flux
technique, the aerodynamic method, and the indirect method. On-field wind speed samplers
malfunctioned during the first 27 hours of sampling, so study authors used data from an off-
field station to estimate the wind speeds that would be expected at the on-field samplers.
While the flux rates estimated using the integrated horizontal flux method and the
aerodynamic flux method, which used these estimated wind speeds, during this time were not
significantly different than those estimated using the indirect method, the flux rates using the
indirect method were higher and were considered more reliable. These were the flux rates used
in the air modeling as well, which yielded a maximum 95 percentile 24-hour average
concentrations from PERFUM runs performed by the study author of 3.6 ng/m? for the soybean
field at the edge of the field and a maximum 90" percentile 24-hour total deposition value from
AERMOD runs performed by the study author of 1.00x10°° |b a.e./A for the soybean field at the
edge of the field. EPA verified the concentration and deposition estimates derived by the study
authors.

Spray drift measurements indicated that dicamba residues were not detected in any of the
upwind samples and were detected at levels below 24.5 pg/m? (2.19 x 10* Ib/A). It should be
noted that wind directions at the time of application were variable within and outside the
target orientation of 267°. Additionally, samples were collected 3 minutes after applications
were complete, which may not have been sufficient time for airborne droplets to deposit. As
such, deposition values are considered uncertain.
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Following 28 DAT, significant differences on plant height were observed between the
downwind spray drift and volatility transects at 15 and 30 m; however, the study authors did
not consider the differences treatment related as there was no clear dose response with
respect to plant heights (Figure 4). For example, plant heights were significantly greater in the
volatility transects at 15 m, whereas at 30 m plants were larger in the drift transects. Although
attempts were taken to minimize variability, plant height differed across the field from the
upwind to the downwind area (at Day 0, the average upwind plant height was 9.3 cm and the
average downwind plant height was 7.64 cm). Therefore, due to the nonuniformity of plant
height across the field, study authors did not perform a comparison of the plant height data to
the upwind controls. At 28 DAT, no visual symptomology was reported in the downwind and
upwind volatility transects off the treated field. Visual symptomology in the downwind spray
drift transects was more pronounced compared to the downwind volatility transects. Visual
symptomology in the spray drift transects decreased with increased distance from the treated
area ranging from 30% at 5 m to a maximum of 5% at 30 m.

Plant Height vs Distance, 28 DAT, Downwind
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4.1.1 Placing all available flux studies into perspective

Using the results from the various field volatility studies, EPA examined the mass coming off the
field in volatile form to determine if there was sufficient mass coming off the entire field to
cause a concern from vapor drift exposure. To determine if this route could be excluded, EPA
made a conservative assumption, for comparative purposes, that the available fugitive mass
would be entirely deposited to a nearby field of the same dimensions (Figure 5). Because flux
studies varied in application rate, it was necessary to normalize the resulting mass of dicamba
leaving the treated fields to the labeled rate to 0.5 Ib/A and the normalization process assumed
that the total mass leaving the field linearly followed the change in application rate. While the
assumptions made in this comparison are likely conservative, and do not accurately represent
an aerial extent or distance down range over which effects might occur, the comparison does
provide evidence that volatility remains an exposure route warranting further consideration.

Figure 5 suggests that a variety of field flux trials for Clarity, Engenia and Xtendimax produce
enough field volatile emissions to trigger plant concerns, under a conservative assumption that
mass emitted is subsequently deposited on an equivalent area of down range land. As noted
above, this is based on conservative assumptions and not meant to be predictive of the actual
expected adjacent field concentrations.

Comparison of Total Emissions from Various Field Volatility Studies,
Normalized to 0.5 |b/A

Xtendimax + VaporGrip (GA, May 2015)*  mmm |71
Xtendimax + VaporGrip (TX, June 2015)

Clarity (GA, May 2016)*

Clarity (TX, June 2016)

Roundup + Xtendimax + VaporGrip (TX, Oct 2016)
Roundup + Xtendimax + VaporGrip (TX, Oct 2016)
Roundup + Xtendimax + VaporGrip (Australia, Dec 2016)
Roundup + Xtendimax + VaporGrip (AZ, May 2018)
Engenia (GA, April 2016)*

Engenia (GA, April 2016)*

Engenia (GA, June 2016)*

Engenia (GA, June 2016)*

Roundup + Xtendimax + VaporGrip (GA, May 2016)*
Roundup + Xtendimax + VaporGrip (TX, June 2016) 64

0.00E+00  5.00E-04 1.00E-03  1.50E-03  2.00E-03  2.50E-03  3.00E-03  3.50E-03

* indicates an application at the pre-emergent application rate Total Release (Ibae/A)

Values next to bars indicate duration, in hours, of sampling

Engenia (GA, April 2016) study truncated at 48 hours based on non-detects Study Veg Vigor Endpoint

Figure 5. Comparisons of total emissions from various field volatility studies versus the listed
species endpoint (0.00026 Ib ae/A). All flux emissions are normalized to an application rate of
0.5 Ib/A (labelled rate) and emissions are assumed to change linearly with application rate.
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It should be noted that the studies were all conducted under varying field conditions and that a
side-by-side comparison of Engenia releases and Xtendimax releases is not appropriate. The
studies had variable meteorological conditions (i.e., temperature and relative humidity), field
conditions (i.e., soil texture, temperature, moisture, and pH), and tank mix conditions (pH), all
of which could increase or decrease the emissions from a treated field. The studies were
designed to be done under real-world, conservative conditions with regards to temperature
(i.e., higher temperatures theoretically yielding higher emissions).

4.2 New Plant Humidome (Vapor Effects) Data

In EPA’s 2016 assessment (USEPA, 2016f; DP Barcode 435792), EPA relied on a NOAEC of 17.7
ng/m?3 and a LOAEC of 539 ng/m?3 for vapor phase dicamba risk conclusions (MRID 49925703),
but noted that “that the dose spacing in this study results in an approximately 30x difference
between the NOAEC and LOAEC, creating uncertainty as to where effects to plants from vapor-
phase exposure to dicamba may occur.” Since the 2016 risk assessment was completed, a new
study (MRID 50578901) has been submitted by a registrant to address this uncertainty. The
explicit purpose of this study was “to examine the relationship between dicamba vapor
concentration and plant response to identify a refined no observed effect concentration (NOEC)
that can be used to support the risk assessment for dicamba use on dicamba-tolerant crops.”

The biological results of this new study indicated that soybean height was not significantly
reduced compared to control plants following 24 hours of exposure (at 85°F for 16 hours and
70°F for 8 hours with 40% relative humidity) to vapor-phase dicamba at concentrations less
than or equal to 138 ng/m3; however, 24-hour exposure (at 85°F for 16 hours and 70°F for 8
hours with 40% relative humidity) to concentrations of vapor-phase dicamba greater than or
equal to 238 ng/m? significantly reduced soybean height (12%) compared to control plants
(p<0.0001). As a result, EPA considers the new NOAEC to be 138 ng/m?3 (an approximate 8-fold
increase relative to previous NOAEC), and the predicted peak air concentrations of 60.3 ng/m?3
and 20.8 ng/m3 (for the Clarity and Xtendimax formulations, respectively) from the risk
assessment would no longer exceed the NOAEC described in the 2016 addendum (USEPA,
2016f). Results from this new study fall within the range of the previous NOAEC and LOAEC
endpoints, and with the refined dose spacing, there is greater certainty in the new NOAEC and
LOAEC endpoints, compared to the previous vapor phase study. This new endpoint does not
alter the previous effects determinations, though it does bolster the additional characterization
of plant risks described in EPA’s 2016 assessment and provides greater certainty surrounding
the exposure levels necessary to result in damage to soybean apical endpoints from vapor
exposure.

4.3 Studies Measuring Effects in the Field Evaluate the Combined Results of Multiple
Routes of Exposure

As has been noted earlier in the document there are uncertainties as to why there are
differences between previous risk assessment conclusions regarding the potential for off-site
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terrestrial plant effects and reported complaints of non-target plant response to dicamba
exposure off-field. It should be noted that reliance on spray drift calculations for exposure and
flux-based vapor drift estimates using field flux data, the PERFUM model and humidome studies
have the potential to not fully account for the possible combined exposure of off-site plants to
multiple routes of dicamba transport (e.g. combined spray drift and volatility exposures).

To provide additional actual field representation for this effects determination, EPA
investigated available data (i.e., registrant-submitted studies, open literature, and academic
studies) involving the response of plants in actual areas near treated crops. Having the
additional line of evidence being field testing, EPA can more fully account for the potential for
plants to be exposed to a combination of dicamba from spray drift and volatile drift.

A tabulation of the results from all the available studies considered is in Appendix B and
descriptions of each study are provided in the following sections.

4.4 Available Recent Field Studies

To examine whether there was recent literature on potential impacts from volatility and/or
spray drift of dicamba, EPA conducted a search for off-site transport and effects data through
an on-line search of Google Scholar with the search terms: “dicamba” and any one of the
following terms: “off-site transport”, “volatility”, “drift”, and “non-target”. EPA confined
consideration of identified information to the years 2016-2018 since that time period presents
the greatest opportunity to identify studies using the currently labeled Xtendimax and Engenia
product. EPA also sought out any field study data that may have been conducted over the last
two years (e.g. using the registered formulations for dicamba use on dicamba-tolerant soybean
and cotton) through contacts at academic institutions, scientific associations and agricultural
extension experts. A discussion of all the field studies evaluated in this document is available in

Appendices A and B.

An important aspect of confidently establishing field effects thresholds for height or yield
effects is to consider the sensitivity of height and yield measures with respect to growth stage
of the tested plant species. While it is important to realize that this effects determination is
using soybeans as a sensitive surrogate plant to represent other non-monocot plants with
varied schedules for growth and reproduction, it is also important to understand the limits of
the empirical designs of studies as they relate to growth stages of soybeans. Field effects
studies with soybeans are typically conducted using plants in either vegetative growth stage or
reproductive stage. In vegetative (V) growth stages, the tested soybean plants are actively
producing more vegetative mass and actively increasing in overall height. The vegetative phase
involves exponential increase in biomass (Peterson, 2007). As the soybean plants enter
reproductive (R) stages, energy is diverted from the production of vegetative mass to
production of reproductive structures and offspring and the increase in biomass now takes on a
linear rate (Peterson, 2007). This shift in energy allocations would suggest that measures of
height effects on plants are likely to be more pronounced when exposures occur during the
vegetative growth states of the plants, and that effects on yield are likely more pronounced
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when the plants are shifting to reproductive development. Therefore, the concentration that
causes a 5% reduction in plant height or yield would be lowest within the most sensitive growth
stages for each.

4.4.1 Recent Large Scale Academic Field Studies

Large-scale trials were conducted by the University of Arkansas, University of Wisconsin-
Madison, Purdue University, Michigan State University, and University of Nebraska. The
protocol for these studies is provided in Appendix B. This series of field trials were designed to
evaluate off-target movement via spray drift and volatility when applied to large areas (10 — 40
acres). Applications were made under conditions consistent with the current XtendiMax label.
Tank mixtures of XtendiMax + PowerMax (active ingredient glyphosate) + Intact (drift-reduction
adjuvant) were applied consistent with labeled requirements for nozzles and wind speed
restrictions. Off-target movement was assessed via air samplers, horizontal mylar sample
collectors, and a bio-indicator crop of non-DT soybean.

Treated areas were planted with Roundup Xtend DT soybeans while the surrounding area was
planted with a non-DT soybean of a similar maturity group. Applications are designed to target
the largest soybean possible before reaching a flowering stage (~*V5-V6). The treated areas
were surrounded by non-DT soybean, such that samples could be taken for a minimum of 300
feet (91 m). Sample stations were located at various distances (4, 8, 16, 30.5, 45, 60, 75, 90,
105, 120 m) downwind of the application, determined by the available site-specific wind
direction at the time of the study. Residues from sample collectors were sent to the University
of Nebraska for analysis. To assess volatility, polyurethane foam (PUF) samples were collected
and placed in uniquely labeled containers, to be analyzed by the Mississippi Department of
Agriculture State Chemical Laboratory. The PUFs were collected approximately 6, 12, 24, 36, 48,
60, and 72 hours following completion of the application to the entire plot.

Spray drift impacts on non-DT soybean were assessed by comparing plant heights and visual
plant response along transects perpendicular to the edges of the field to a distance of 100 m.
Plant effects from vapor drift were assessed by covering a portion of the non-DT soybean crop
during the application period to prevent exposure to spray drift. The cover was removed post-
application. Plant heights were measured approximately 14 and 21 days post-application on ten
plants at each distance along each transect. Control (untreated) plants were measured just
prior to the application at each site as a measure of inherent variability in the plant sizes across
the field. In addition, upwind plant height measurements were taken on the day assessments
were made. These measurements were taken at least 50 to 100 m upwind of the “upwind
edge” of each sprayed area and in areas where visual dicamba symptomology was not
expected.

Visual 